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ABSTRACT 


The oleic, linoleic and linolenic acid content of rapeseed 
(Brassica napus L.) oil was investigated in Fos F, and F) 
populations of three crosses. The populations were derived from 
three strains of rapeseed that produce seed oil practically free 
of eicosenoic and erucic acids and differing in oleic, linoleic 
and linolenic acid content.’ Parent 1 (P,) was high in oleic and 
lkeyy alia) Tithe eles IPereeiie 7 (P.) was intermediate in value 
for both fatty acids and parent 3 (P,) was characterized as being 
low in oleic and high in linoleic acid content. Selections of F, 
single plants representing the ten highest single plant values, the 
ten lowest and ten intermediate values were made for each of the 
three C-18 fatty acids in each cross. Seed from the field grown Fy 
single plant selections was advanced through the F. generation 
in the greenhouse and He Fy generation in the field. Bulk Fy» 
F. and Fy, seed samples were analysed for fatty acid composition. 

Intergeneration simple.correlation and Spearmen's rank 
correlation values were highly significant for oleic and linoleic 
acids in Po x P, and PS > P. but ies in P., ps P.. The 
intergeneration correlations for linolenic acid were almost all 
non-significant in all three crosses. Regression heritabilities 
and heritabilities from analysis of variance indicated high 


heritabilities for oleic and linoleic acids but low heritabilities 


for linolenic acid. Heritabilities were generally higher in 
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Py x Py and Po x P. than in Py Ds P 3. Significant differences 


observed between the low and high Fy class means were also observed 
for the F. and Fy, progeny means of these classes for oleic and 
linoleic acids in Ps xe Py and Py x P. but,not: in 2) x P.. In 
general, these differences were not observed for linolenic acid 
in all three crosses. Average coefficients of variation indicated 
that selection in the Fy was successful in assigning a greater 
number of homozygous plants to the low and high classes than to 
the intermediate class on the basis of oleic and linoleic acid 
content. However, this was not the case for linolenic acid. 
Correlations between oleic versus linoleic and oleic versus 
linolenic were negative and highly significant. Correlations 
between linoleic versus linolenic were positive, significant in 
all but two populations and lower in magnitude than oleic versus 
linoleic and oleic versus linolenic. The linolenic/linoleic 


ratio was an unsatisfactory indicator of linolenic acid content 


in Fy and F, hamaltes 


easy 
ny r 
PY : 
v1 
a 
ma 
t 
oa 
y 


ta - aaa Ne sic’ oo pit ay be 3 
: : os An 


" naw leat, ine 
hoa inte ae. 7" »? Wh i or EAH | “ ne ite 


= 


1 
“ 


ie my / 
is 


tin et rreraia VR ad aye Pes oa ke ry) vey 


: A ’ 

a . a : i a \ 
7 | /. iu 

oy ny ) it Ki H he q 


CoPGrerk): W ptt wie ies lai 4 


i 


De ai 
* : 


Ca tin t at af { 1am mip ‘as " 4 i 


a 


eee +7 b*) Pe ‘ ied Vint ‘a j b. val ‘ ; s ve iia * 


vy y rh i ; cy , a ie 
2 se { », a 
ns ff. W at hehe oS ies riety 
' oe, "ae a 7 
5 +t a AT Bs. 
F ee A phe im j RSL if 
DG: 1 a 
ae. oko Nk: rt Wide ke aEE 
: r - ‘ _ 


_ a firs kt) ea i a" a ira POON BETAS , She : 
Me a a9) Fi seli ri ye 


Wo ot bile’ . 


ACKNOWLEDGEMENTS 


I wish to express my deep appreciation to Dr. Z. Kondra 

under whose supervision the present investigation was conducted. 

His keen interest, patience and helpful criticism throughout 

the preparation of this se ilecencusie ores gratefully acknowledged. 
I am also grateful to Dr. K. G. Briggs for his valuable 

criticism during the early stages of preparation of the manuscript. 
Thanks are also due to the technical staff of the Plant 

Science Department, University of Alberta for their assistance, 

and to the Department itself for the use of equipment and facilities. 
The financial assistance of the National Research Council 


of Canada is greatly appreciated. 


i: nga: 1 


ns 3 tie: 04, jnsntoaae hs vil i ies 
“tian oe ti a im aa peel ah iis 


eer viath sy ry vn edit 
aga hacriy wae i 


pe A aie arene 
Hecht vet wai; ‘Ve rahe eas i : 
_ eteee ie fe im ; 


gd! Whe me oo 


i Lint ibe 


a : 
i ef 
= YO. ote ? : 
uf We i 
7: 
~ 
> : i 
y h 
te 
1 : ‘ es 
, A / 
ror . i 
<r a. i 
4 Ais A 
or x 
7 
’ 
, ' 
“ ny rad 
a 1 mu : ; 
oe fie 
7 S 
t 7 af A 
r4 ( : De t é * 
ys 
; 2 ‘ah y 
+ & { 
i My 
io? J ; 
/ 
A; M 
{ 
7 Ai = ‘ 


INTRODUCTION 


LITERATURE REVIEW 


TABLE OF CONTENTS 


MATERIALS AND METHODS 


Plante Materials 


Fatty Acid Analysis 


Statistical Procedures 


Linolenic-Linoleic Ratio 


RESULTS 
Oleic, Acid 
ew) 


be) 


Ce) 


d.) 


Intergeneration statistics 


Means, ranges and standard deviations 
of Fos F, and Fy populations 

Means of selected F, classes and their 
Fy and Fy progenies 


Average coefficients of variation for 
selected Fy, families 


Linolere Acid 


aa) 


b.) 


Ce) 


dis) 


Intergeneration statistics 


Means, ranges and standard deviations 


of Fy» Fy and Fy populations 


Means of selected Fy classes and their 
F, and Fy, progenies 


Average coefficients of variation for 
selected Fy families. 


vii 


19 


22 


24 


26 


26 


28) 


a2 


34 


i , s ‘y 
a 
’ r x , aa 
Y om Th 
2 tie, 
i ar bak 
- P I 
fs; i ae 
} ' ; Are 
- : i te : 
ere 
2 
\ 4 
it i 
¢ j j Ms Ri 
} ae nat a 
Ch d ty ? i 
1 +s fy 
s fru? Wy Y 
= . a a 
5 a < ar a 
od wiki At 
= mi, F 
Lad ‘ r ty 
i 4 
BM ; 
i vy & I | 
iV 7. Tei 7 iF é Ww 5 ' ‘@ 
/ ; - a3 or : ay, Nea . - “ib 
Ts Uti - p 4 
q _ i A 3 h Cea ain 
4 ; Se ae : 
Loy eh 
; i i j 
af sible: oe 
‘ ” 
| Same DIR tie aor 
nig 1, Md ae a Pa - - " a 
) ie eet P YT WiGit oe) ug 
my ih : ine nA 1 
: i I ’ . { 


a ten” NA, mh satya sm sud aer anny tea cae a i; 
Rai, ; San th ? ; | : f ae : a . =) : ; 
1 it ah ye " 
pn oe 2 
- i : ‘ ee, et tye se ' i donee 
: 7 : : tl LS Pe eae ' - o ae i : 7 on a aed bs cov MT 
rpm,” ‘Tie PGF A) Uevidy gapped ce Seoelee T? sake. (.2 Try Ey a 
e a _ Sy ve Ty Y ’ } ta) ; : oe hog ipt ‘afl tye 7’ : Vo ee a 
i i if ra Pein 3) Oe és wd | 
rs * Oo dian : m1 


5 9 all aie 1 a oe ‘- 
2 a . 7 n fe D ‘i : renga er wm ey die: rae, * ety ‘ “0 vs. ‘ i ee : 
| vad een eee | eee be 4 . 


t waged ay 


oa @ bef x r : - J ae is 1 7 ire " ; i e o/ , ‘ 
AiG . o/ Mai ge Sai GS 3 a) ay ) gt 
5 
i 


+ ¢ nn Aen ao he Wi ae a 7 nee, ; ; ues 


Page 


Linolenic Acid 36 
a.) Intergeneration statistics 36 


b.) Means, ranges and standard deviations 


of Fos Fy and Fy populations 39 

c.) Means of selected F, classes and their 

Bee 2 
Fy and F) progenies 41 
d.) Average coefficients of variation for 

selected Fy, families 43 
Correlation Coefficients 45 
Linolenic-Linoleic Ratio 47 
DISCUSSION 49 
BIBLIOGRAPHY 56 


Waleed 


nen jack 


“ ane — 


Table 


joe) 


10. 


Las 


LIST OF TABLES 


Fatty acid composition of oil from self-pollinated 
seed of three strains of rapeseed. 


Intergeneration simple correlation, Spearman rank 
correlation and regression coefficients for oleic 
acid values among Fo single plant selections and 
their F, and Fy, progenies. 


Analysis of variance and heritability estimates for 
Oleic acid. 


Frequency distributions for oleic acid content of 
Fy single plant selections and their Fy and Fy, 
progenies. 


Means of oleic acid content for selected low, 
intermediate and high By classes and their PF. and 
Fy progenies. 


Average coefficients of variation for oleic acid 
content for three families in each of the low, 


intermediate and high classes of the Fy generation. 


Intergeneration simple correlation, Spearman rank 


correlation and regression coefficients for linoleic 


acid values among Py single plant selections and 
their F. and a progenies. 


Analysis of variance and heritability estimates for 
linoleic acid. 


Frequency distribution for linoleic acid content of 
Fy single plant selections and their F. and Fy 
progenies. 


Means of linoleic acid content for selected low, 
intermediate and high Fy classes and their PF. and 
Fy progenies. 


Average coefficients of variation for linoleic acid 
content for three families in each of the low, 
intermediate and high classes of the Fy generation. 


ix 


Page 


lh: 


18 


20 


Za 


Zo 


25 


28 


30 


aL 


33 


33 


-_ 2 t _ 
aa) 
/ A ta r = 
. : | ie i'd re 
{ 4 vy ; f a c+ 
; "h : = 
1 iy , ‘ : 
aL ae me 
y if r ‘i 
i oe, yt . A, 
: a 
; t Ubi 
1 
me 2 Pi 
1 ¥, Le 
4 ' 
i is 
| } i! Pe pes 
t 
i 
iol! 
, ; 
Nee 
45 
#4 
A = \4 
4 
1) » 
Ap 
\ ' 
i f 
y 
P f 
' 1 
tie ts 
j 
i. 1 
‘ f 
1 
: ' mee 
g - £ } 
| , , aly rf 
; F 4 ‘ 
, t 
F $e @ \¢- 
: * 
. 
: ; ia 
sat s F 
i y* ou 
i 3 Fi y 2 a4 
\ 7 “ 


; ! a / mF eae WE oN Wot. ap yy onl fast rere vere a i 
RS detent Ng. aay Aa Ge 
rie a Wiehe ah Anes AY 
Beye ire ea 
' ae pial ees an re Ue 
es rr ce AD, See ti evan} 
¢ s : a oe pays Maer ~ 
i | ! Sa ae Pig 
ot y ve: Lae Rik pts uy ehioah, _ ois 
a ed iy i i ibe Ge ia hes i Xi Brith a nol Sip hae | heed 
Nhe at Bs, i fp ria wt fe i an Ny Le cs be la se at "age Mies i? 
f ; : acy ¢ re mn “i wr rt. 1 i PP : “re 


iyaN Munn he fk rk ey bdo va ’ ape nhs wh i. 
pal a teehie ie ia ae ie oN ant MA OSL vere 


oo Wyk na RM LUM ol cL LY ye ter re a bay ew Ne mae, 
™. x " 0 4. ; ope 47) ot : : ee Parnas, y, We, uta [ . a } r = 
| : * re r ee TOP OD eso vais pipe ie ie eae a if ra 


ee 


ey Po er i bid oo ¢ -_ : : ue 
= ‘ ' \ 4 j ] aoe i Rial 7 - if ne i i a ¥4 bh b ; 


7 ih) ie 4 es ae ie Et ie Pe ae J mel ; 


7 ‘<a bien i Ng th), ry B Bee 
Bro % ‘ vt 7 tgp fy nee we ‘i ‘ br 


™ 


ss 


7 


13. 


14. 


LD. 


Sis 


NAS 


Lis 


Intergeneration simple correlation, Spearman rank 
correlation and regression coefficients for linolenic 
acid values among By single plant selections and their 
F3 and Fy, progenies. 


Analysis of variance and heritability estimates for 
linolenic acid. 


Frequency distributions for linolenic acid content of 
Fy single plant selections and their PF. and Fy 
progenies. 


Means of linolenic acid content for selected low, 
intermediate and high Fy classes and their Fy and Fy, 
progenies. 


Average coefficients of variation for linolenic acid 
content for three families in each of the low, 
intermediate and high classes of the Fy, generation. 


Simple correlation coefficients for pairs of fatty 
acids for parental, F F P. and Fy, populations. 


ees 
Classification of ten lowest 18:3/18:2 families on the 
basis of linolenic acid content. 


Page 


af 


38 


40 


42 


4h 


46 


48 


, e 
‘3 ¥ | ; 
hit, in 
la i 
it ¢ if 
4 a it 
rf 
, 
me it 
‘i 
& 
- 
q 
Si 
‘ S 
a y 
¥ 
x 
3 ( 
; a 
f i ree 
nae J Ge Ms, 
} t 
I i v 
Dav. 
\ s 
‘ iS 
f i 
, Ae 
ay 


enn sh ut din, Ages es K 
< A yaeepey uh : i Te Neeeh a 
pe j a A" ’ dunia & a 


0 cia | 7 
—— ~ x a 
ee at ta! 
1 if a ~ ei 
i : j 
3 ; 1 - 
; 7 , + 
i ie + . 7 +) 
i hel 1 ; i 
lot ‘ - Lie 
i “ 
¥ 1 he 
| 1 i ‘ ; 
1 s : 
i ape 
i 7 
a 
mT ee | 
1 ! ‘) 
; ae | 
Re ~~ - ; 


ken 20s Legit ee ait stds 4s | 
‘ i wi Lee is py f ou bah i! = Wa 


fk ikl Raters hing cin hase | 


, ; 
. a ’ in if 


ss ea i ie ts : 


en is A ap seae 
css ; ie su hice, alg 


ale ag mi Lain ay 


Lashantiuudah 
Le mer oraad 


ie 


- 
" B, ee 
i 


INTRODUCTION 


The center of origin of rapeseed is considered to be Asia 
(Downey 1966). Brassica napus L. evolved as an amphidiploid from 
a cross of Brassica campestris L. and Brassica oleracea L. Oilseed 
rapes were reported in India as early as 2000 B.C. By the sixteenth 
century, B. napus and B. campestris were under cultivation in 
Belgium, Holland and Germany where SHS aoe oil had traditionally 
been used for illumination and soap making. 

By the nineteenth century rapeseed was cultivated throughout 
Europe and was first cultivated in North and South America prior to 
and during World War II. 8B. napus was introduced into Canada from 
Argentina and first grown commercially in 1942 (Downey and Bolton 
1961). 3B. campestris was subsequently introduced. Production of 
rapeseed in Canada is centered in the prairie provinces. The 
greatest production was achieved in 1971 from 5.3 million acres. 
Approximately 75% of the acreage is B. campestris which is 
cross-pollinated and early maturing but has less yield potential than 
B. napus which is largely self-pollinated and late maturing. 

The chief economic value of rapeseed oil is in salad and 
cooking oils, margarine and shortening. In world production of 
edible oil crops, rapeseed ranks fourth after soybeans, sunflower 
and groundnut. 

Increased demand for rapeseed oil is expected to result 


from improvements in oil quality which is largely determined by its 
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fatty acid composition. The major fatty acid constituents of 
traditional rapeseed oils are palmitic, oleic, linoleic, linolenic, 
eicosenoic are erucic acids. Nutritional studies have indicated 
that eicosenoic and erueic acids are detrimental to the health of 
monogastrics (Beare-Rogers 1970). A major nutritional improvement 
in oil quality has been achieved as a result of breeding low 
eicosenoic and low erucic acid cultivars. The fatty acids oleic, 
linoleic and linolenic constitute Le ik eae 95% of the fatty 
acids in low erucic acid cultivars. Further improvements in oil 
quality require the incorporation of low linolenic and high 
linoleic characters into existing low erucic cultivars. Removal 
of linolenic acid is expected to reduce processing costs and improve 
the flavour stability of the oil (Downey 1966). An increase in 
linoleic acid content will improve the nutritional value of the oil. 
Success in breeding low linolenic and high linoleic 
cultivars depends on the ability of the plant breeder to make 
selections for desirable levels of these two fatty acids. The 
present study was undertaken £0 evaluate early generation selection 


for different levels of oleic, linoleic and linolenic acids. 
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LITERATURE REVIEW 


Genetic variability for fatty acid composition of seed oil 
of rapeseed was first investigated on a cultivar basis. High 
erucic acids cultivars (four Brassica napus L. and three Brassica 
campestris L.) were grown at seven stations in western Canada and 
analyzed for fatty acid composition (Craig and Wetter 1959). There 
was significant variation among cultivars for the major fatty acids 
inobhudine: Olere ClG:1), lamoleic (18:2), Minolenic ‘(18:3); 
palmitic (16:0), eicosenoic (20:1) ue Sateets (22:1). However, the 
greatest variation occurred among oleic, linoleic and erucic acids. 
ina similar study Six cultivars (three B®. napus’ and three 3B. 
campestris) were grown at twenty-two stations in western Canada 
(Craig 1961). Significant variation occurred among stations for 
all fatty acids and among cultivars for each fatty acid except 
linolenic. In both studies, the differences among cultivars were 
primarily due to the difference in fatty acid composition between 
the two species. 

Low erucic acid strains of B. napus (Stefansson et al 1961) 
and B. campestris (Downey 1964) were isolated as a result of 
inbreeding and selection for low erucic acid content. Selection for 
low erucic acid strains resulted in a simultaneous selection for low 
eicosenoic acid content. There was a corresponding increase in 


oleic and linoleic acid content (Downey and Craig 1964). 
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Data from self-pollinated and reciprocally cross-pollinated 
seed of low and high erucic acid plants demonstrated that the level 
of erucic acid in B. napus was controlled by the embryo genotype 
rather than the maternal plant genotype (Downey and Harvey 1963). 
Oleic acid was also controlled by the embryo genotype in seeds that 
are segregating for erucic acid content because of the large negative 
correlation (-.98) between percent oleic and percent erucic acid 
(Downey and Craig 1964). Erucic acid ease in a single cross of 
B. napus were controlled by a two-gene system with equal and additive 
effects (Harvey and Downey 1964). Each allele for high erucic acid 
contributed 9 - 10% to the total erucic acid content. There is 
evidence that the same two-gene-system controlled eicosenoic acid 
content but that high values of eicosenoic acid were dominant to 
low values (Kondra and Stefansson 1965). Erucic acid content of 
B. campestris was controlled by the embryo genotype and conditioned 
by a single gene system acting in an additive manner (Dorrell and 
Downey 1964). Each gene contributed 10 - 12% to the total erucic 
acid content. . 

The biosynthetic pathway for eicosenoic and erucic acids 
consists of carbon chain elongation by the addition of acetate 
molecules to the carboxyl end of oleic acid (Downey and Craig 1964). 
A separate biosynthetic pathway for linoleic and linolenic acids 
consists of desaturation with oleic acid as a precursor (Downey 
1966). Low erucic acid strains were selected as a result of the 


presence of a genetic block between oleic and eicosenoic acids in 


biorsovial Kubrvgestaneay i@ Hives amie ek edt 
fav'si. afb “— 4 P47 Se a iy te ae 
innate: eh, no" can a aa 


Py ? 


Uy ga a. ee eT 


tae) aber 9 Fi nt ‘ OLOn GEN 


nek agin’ ep ; 
tay re Wye At) a ' 
a1 . af, % r) j 4 AS Gi Al pVER, i 
; yA Lu 
3 if Pi : 
wWijphhine hoo cna std bd de 


N4 
{ ‘ 


So ci, LAT ead Vea 
a : ay ieg tl , savage fi 
an 


; 5 
Al Ve Area hy ! as Lé 


or ry 


, & Wee 
re sala we; v whe * ny 


ts oe < 
- Rus 


+ a, ileal age ina aoa 
»SHi® 24 frag i ar 
nr cat a Mein mT i 
bhi Pati whe te ee | 
> Be ? | : = i 
re nS Phare LS ay ce si ote aah pdt ay oon iF 
tilt xn 

Sg Sat irr eeu ye Ae, nid’ bears ke obbdy coda to: wanda i 

) ri 
CNDOR igi 0) bbe, Beet cho Wha ersih is ie Lvevives odd fad satgoaten . 


%. (a? or Saale cut 1 o plaiisdait: 263 geil 2 etistimibade ont se A.” 


coped), tie shane, 2 De diate sere. naka suraueth de AA SEAT, : 
td kz Tune 4 Kn. eats apew wigs ive in at orn wal aver, " 
—- = : My 


r it SL m3 7 ete hh é ry? oem eo ‘ A 
TEs hl SS hartge tthe tke 1B yyid- a4 sidauez 4, Yo eas 


vr 


the elongation pathway. Much less success has been achieved in 
altering the desaturation pathway of the C-18 fatty acids. Three 
cycles of selection for low linolenic acid content produced limited 
genetic advance in the high erucic varieties Nugget and Golden 
(Downey 1965). The greater success was achieved with Golden where 
linolenic content was only reduced — 6.802% to 6.20%. Use of 
the chemical mutagen, ethylmethylsulfonate, in the low erucic variety 
Oro indicated that it is possible to select progeny having large 
differences in linolenic acid content (Rakow and McGregor 1973). 
One stable mutant had 5% and a second stable mutant had 20% linolenic 
acid. Both mutants had levels of 16 - 20% linoleic acid in the seed 
Oids However, many selections were unstable, reverting back to the 
original Oro fatty acid composition after two or three generations 
of self-pollination. Selection was performed by using the ratio of 
linolenic to linoleic acid (18:3/13:2 ratio) as determined by a 
photometric method on segregating M2 half-seeds from Ml plants. 

The embryo is the major source of fatty acid synthesis 
in the seed and constitutes eee 85% of the mature seed 
weight. A single cell layer of endosperm and a thin seed coat 
(testa) contribute relatively little to the total seed oil. 
Therefore, it is expected that the embryo genotype would control 
the fatty acid composition of seed oil. However, there is evidence 
that the maternal plant genotype may exercise some control over 
C-18 fatty acid synthesis in low erucic B. napus lines (Kondra 


and Stefansson 1970, Thomas and Kondra 1973). 
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Thomas (1974) investigated the inheritance of C-18 fatty 
acids in self- and cross-pollinated seed on parental lines and 


_ 


reciprocal F, and Fy populations derived from three crosses produced 


1 
from three low erucic B. napus lines. Cross-pollinated seed in two 
of the three crosses showed a maternal genotype effect on oleic and 
linoleic acid content. The third cross indicated embryo control for 
these two fatty acids. Embryo and maternal genotype control was 
found for linolenic acid. No cytoplasmic effects were evident in 


the F, and Fy generations. Data from F, population means indicated 


1 I, 


an additive gene system for oleic and linoleic acids in one of the 
three crosses while the other two crosses indicated partial 

dominance for high oleic values and low linoleic values. Complete 
dominance for low linolenic acid content was observed. Broad sense 
heritability estimates and number of effective factors were 
calculated by three methods. The heritabilities and number of 
effective factors calculated by the different methods produced 
essentially the same results within each cross. Average heritabilities 
within each cross for oleic acid (752, /74.58%):.and linoleic, acid 
(81%, 81%, 43%) were relatively high, while those for linolenic 

acid (54%, 41%, 30%) were generally lower. The average number of 
effective factors within each cross varied from cross to cross for 
each fatty acid. The average number of effective factors in the 
three crosses were 2, 6 and 3 for oleic acid and 3, 5 and 4 for 
linoleic acid. The average number of effective factors for linolenic 
acid were 0, 2 and 3. It was postulated that one genetic system 


controlled both oleic and linoleic acid content (Thomas 1974). 
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Inheritance of fatty acid composition has been studied in 
other oilseed crops. A single locus controlling oleic and linoleic 
acid content in corn was reported with low vidbiawe acid content 
dominant to high linoleic acid and high oleic acid content dominant 
to low oleic’ acid*eontent (Poneleit and iter ander 1965). The major 
fatty acids in corn demonstrated several types of gene action for 
each fatty acid in four different crosses (Jellum 1966). Additive, 
dominant and heterotic gene effects were observed. Fatty acid 
analysis of self- and cross-pollinated seed on the parental corn 
lines indicated significant maternal eereeen in some crosses. 
Another study with corn found largely additive gene action for oleic 
and linoleic acids and significant cytoplasmic effects for these 
two fatty acids (Poneleit and Bauman 1970). Further studies with 
linoleic aed in three corn crosses indicated the presence of two 
loci in one cross, cytoplasmic effects in another cross and variable 
levels of dominance in all three crosses (de la Roche et al 1971). 

A single locus with partial dominance for low linoleic acid along 
with another independently acting locus were found to control levels 
of linoleic acid in corn (Poneleion197 2 There is evidence for 
complete embryo control of oleic and linoleic acid content in 
safflower (Knowles and Hill 1964). lIodine value of safflower oil 
was reported to be determined largely by the embryo genotype and be 
highly heritable (Yermanos et al 1967). The data also indicated 
that one locus controlled levels of oleic and linoleic acids with 


partial dominance for high linoleic and low oleic values. Stearic 
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acid in safflower seed oil was controlled by two alleles at one 
locus with partial dominance for low levels (Ladd and Knowles 1970). 
The levels of oleic, linoleic and linolenic acids in flax were 
found to be largely under the control of the embryo genotype 
(Yermanos and Knowles 1962). Partial dominance for low linolenic 
acid content and high oleic acid content was observed in flax 
(Comstock et al 1960). High heritabilities were calculated for 
stearic (93.1%), oleic (65.0%) and linolenic (72.9%) in field grown 
generations but lower heritabilities for these fatty acids (1.3%, 
3.7% and 4.7% respectively) were calculated for generations grown 
in growth chambers. Levels of C-18 fatty acids in soybeans were 
primarily under maternal control (Brim et al 1968). It was found 
that levels of linoleic and linolenic acid in soybeans were 
quantitatively inherited with some transgressive segregation to 

low values (White et al 1961). The fatty acid values were highly 
influenced by the environment. 

Environmental effects on fatty acid composition of rapeseed 
have been studied. It was observed that the fatty acid composition 
of high erucic rapeseed showed a more complex response over a 
temperature range varying from 10°c. to 26.5°C. than did sunflower, 
flax, safflower or castor bean (Canvin 1965). At 10°C. and 16°C. 
erucic acid levels were higher and oleic levels lower than at 21C: 
and 26.5°C. Delayed seeding of high erucic acid cultivars of B. 
napus and B. campestris resulted in decreased oleic, and increased 


linoleic and linolenic acid content in relation to early seeded 
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material (Gross and Stefansson 1966). 

The percent composition of C-18 fatty acids was found to 
become fixed between 21 and 28 days after pollination (DAP) or 
approximately half way through seed development of a low erucic 
acid strain of B. napus (Fowler and Downey 1970). It was suggested 
that variation in fatty acid composition of the low erucic strain 
during early stages of seed development was due to the changing 
contributions of the testa, nucleate endosperm and embryo. A 
high erucic acid cultivar, Nugget, showed a rapid increase in oleic 
acid over the period 21 to 28 DAP. Percent erucic acid accumulated 
rapidly from 21 DAP until seed maturity at the expense of oleic 
acid content. Hence, relative C-18 fatty acid composition of the 
high erucic cultivar was found to vary throughout seed development. 

Two low erucic acid B. napus strains were used to derive 
parental and backcross populations from which the following ranges 
of correlation coefficients were calculated for pairs of C-18 fatty 
acids: oleic and linoleic -.85 to -.98, oleic and linolenic -.58 
to 0.70, linoleic and linolenic .31 to .55 (Stefansson and Storgaard 
1969). These correlation coefficients were calculated from 
fatty acid values expressed as a percent of total fatty acids. When 
the fatty acid values were expressed as percent of seed weight, the 
above correlations were reduced in magnitude. Expressing fatty acids 
as percent of seed weight means that any variation in fatty acid 
composition of the seed oil can be accompanied by variation in other 


seed components such as the protein and carbohydrate fractions. 
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Therefore, the chance of obtaining large negative correlations 
between pairs of fatty acids is reduced. The ranges of correlation 
coefficients for percent fatty acids, calculated as percent of 
total fatty acids, of parental, Fy and Fy populations derived 
from three low erucic B. napus lines were: oleic and linoleic -.68 
to -.96, oleic and linolenic -.57 to -.75, linoleic and linolenic 
=. 318 tol 455 (ihomas 6974)’. 

Correlation coefficients for pairs of C-18 fatty acids 
in other oil seed crops indicate strong associations for some 
fatty acids. A correlation coefficient of 0.99 was reported for 
Oleic and linoleic acids in safflower (Yermanos et al 1967) and 
-.97 in corn (Poneleit and Bauman 1970). Correlations between oleic 
and linolenic in flax ranged from -.77 to -.97 (Comstock et al 
1960). Correlations between linoleic and linolenic in soybeans 
were consistently high (.74 and .76) in one study (Howell and Collins 
1957) but ranged from .13 to .96 in another study (White et al 


1961). 
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MATERIALS AND METHODS 
Plant Materials 


Three strains of rapeseed (Brassica napus L.) having very 
low levels of eicosenoic and erucic acids in their seed oil but 
differing in oleic, linoleic and linolenic acid content were used 
as parental lines. Each line originated from a single plant 
selection from the cultivar Liho and brad for 8 generations. 
Self-pollinated seed from these parental lines produced seed oil 


with the fatty acid composition given in table 1 (Thomas 1974). 


Table 1 


Fatty acid composition of oil from self-pollinated 
seed of three strains of rapeseed 


Parent Fatty acids as percent of total fatty acids 
designation Palmucve Olence lanolere lanolenic) Hacosenoue, Erucic 
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Plants from the three strains were combined in a 3 x 3 


diallel cross. The F, plants from the diallel cross were self- 


ib 


pollinated in the greenhouse to produce Po seed. The Fy populations 


were grown in the field during the summer of 1971. Field grown seed 
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from F, single plants in each of the three crosses, Po x Po, Py 3? 


Z 


and P, x Ps was analyzed for fatty acid composition. The total 


number of plants in the Fy of each population was 105 in Ps 4 Pas 


962in PS x P. andaggain Py x P.. The parental, BR and F, populations 


were developed and investigated by P. M. Thomas (1974). 

Material for the present cee was selected on the basis 
of C-18 fatty acid composition of seed of field grown F plants of 
each cross. Ten single plant selections were made at each of three 
levels for each C=18 fatty acid within each cross. For each fatty 


acid the three levels were: the ten highest single plant values, 


the ten lowest and ten intermediate values. The potential number of 


Fy plants selected was 270. However, some F, plants selected for a 


2 
given fatty acid class within a cross also corresponded to a selected 
class for another fatty acid. Consequently, the total number of Fy 
plants selected was 169. Six seeds were randomly selected from each 
of these Fy plants and planted in the greenhouse during the winter of 
1972-73.) 7 InSeGeesprans, of°19732 Tour Fy plants in each family were 
individually harvested and threshed. Five seeds were taken from 

each of the four plants and bulked for fatty acid analysis to provide 


F, family mean values. 


a 
Remaining seed from the PF. plants was planted in the field 
to produce four Fy progeny rows from each Fy family. The field plots 


were planted in a four replicate design with one Fy progeny row from 


each Fy family per replicate. Progeny rows were planted at a density 


of 1.2 grams of seed per 6 meter row with 30 centimeters between rows. 
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Due to a wet cool cummer, many plants were either killed by flooding or 
were immature. Therefore, the Fy, was harvested as a completely 
randomized trial with ten mature plants per family being selected at 


random. These plants were then individually threshed and F, family 


4 
samples were obtained by bulking 1.5 gram samples from each of the ten 
plants per family. This seed was then ground in a blender and two 

sub-samples from each family were analyzed for fatty acid composition. 
The sub-sample values were averaged to provide Fy, family values. For 


each fatty acid in F, families of each cross, the three highest F 


4 4 


families, the three lowest Fy, families and three intermediate Fy 
families were identified. Ten plants within each family were 
individually analyzed for fatty acid composition. 

Fatty Acid Analysis 

The fatty acid composition was determined by gas-liquid- 
phase chromatography. The methylesters for gas chromatography were 
prepared according to the method of Downey and Craig (1964). 

Equipment: 

1) Hewlett Packard 5750 Research Chromatograph equipped with 
a hydrogen flame ionization detector and two columns consisting of a 
1/8" x 8' stainless steel tube containing Chromosorb G in the solid 
phase and 4% by weight butanediolsuccinate liquid phase. 

2): Hewlett Packard 3370 B Integrator used to determine the 
areas of the gas chromatograph peaks in order to calculate fatty 
acids as percent of total fatty acid. 

The following fatty acids were calculated after the gas 
chromatograph had been calibrated with standard samples: palmitic 
(16:0), oleic (18:1), linoleic (18:2), linolenic (18:3), eicosenoic 


(20"1), and erucic (22:1) 
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Statistical Procedures 


For each fatty acid within each of the three crosses, 
simple correlation, Spearman rank correlation and simple regression 


were calculated (Steel and Torrie 1960) for F, family means with F 


5 2 


single plant values, Fy family means with F. family means and Fy 
family means with Fy single plant values. Intergeneration 
regression coefficients were used as heritability estimates 
(Hanson 1963). 

Analysis of variance for each fatty acid within each cross 
was performed for the three generations to provide broad sense 
heritability Gp) estimates. In the model, single Fy plants and 
their derived F, and Py, families were considered as fixed effects 


3 


while environments were random effects. 


Model: 
xe = supe bor i a wg 
ay as i ae te 
where Se is the single plant or family value in a given environment, 
jf is the population mean, FS is the family effect, = is the 
. ; . ; eta 
environmental effect and TG is the interaction effect of the i 


single plant or family with the j a environment. 


The following analysis of variance table was used: 
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From the analysis of variance performed on each of the three 
C-18 fatty acids in each cross, broad sense heritability (hn) intone 


each fatty acid was estimated as follows: 


2 
Cie = Mote eevcs 1 GEM Sok. mec. 
£ e 
neve Lh Fe 
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A 3 x 3 factorial analysis of variance was performed on each 
Patty.acid within ‘each cross for the three classes of Fy selected 
plants and their F, and Fy progeny. For each fatty acid within each 
cross, differences among the three class means within each generation 
were tested by the method of least significant difference as outlined 
in Steel and Torrie (1960). 

Coefficients of variation were calculated for the three high, 
intermediate and low value Fy, families for each fatty acid within each 
cross. The three coefficients of variation within each of the three 


sets of families were averaged. 
Linolenic - Linoleic Ratio 


Rakow and McGregor (1973) used the ratio of percent linolenic 
to ee see ate ieie acid (18:3/18:2) as a method of selecting 
mutants having varying levels of linoleic and linolenic acids. The 
range of those ratios having low levels of linolenic acid was .22 to 
.35 and the range of those ratios having high levels of linolenic 


acid was .47 to .88. The ratios were calculated in generations grown 


i ore 


? ay) 
de “6 ig 
eral y iyi 4 ie haere sandy a za Pete fe : 
f +7 ) wie) LA fd / phone br it ca G idan 
f ff Seen aero i 
a Ane 
co “ { F ’ 
ear vie at ‘? 
2 a 
ne 
: Anh NIE YA ee ane, Aq 
Sean Pa sa 
ig ; bay ha 
¢ 4: 44 a aio 7 aa as 
io-elWaly i 7 y shat tes 
wt a i iY t \ DS we : | 
ils oT 7 ‘ ; re 4 ey rata : 
iAfane aah & 31 ty eae am at some 
sy : : =) 
ey ; vf , ; : av foe 
df aiey uy i betel aba 
t ra 
Has edie ee os ey ae bmi 4 hy wrk han 
dw? Ade ty Rowe (fea sont aes: et eat Wee, cies wnt 
Se eG J ee  ninigcay vod 
hy peng) ota = ke sca 
pe boos . ‘ i hal i roe Mees a a »4 Po ath 7 ied ‘as 
F , 
7 i a: ; fi - = 
uy mAs th AM DOr ah Oe COSMAGIEA) Abia oe tone 8 
ee wr } Oe Ke tig 2 hed J j aS > SEQ IAY thes ‘Anh Beet 
7 v ede : | a re ivf ah —— CL Abe Soaks ig A in’ sta > “4, 2eue4 
om Je - : “ 
(es i ; ini ih iD. cA rar! riya eke =p GiG<s ware Oo ene wy i ae 
rial L ei Fs , ld A Jad a2 od oe :: 
4 ap OG) ) oo a i} re aT a ase aye iw 2 Ay at J), =i jubsin 
7 cae inal 
7 = CA “ ; ; ‘ : 
i — os P ’ - : 
ea) ae 
a) et) Ne 


Se 


under different environmental conditions. 
In the present study, the ratio of linolenic to linoleic 
acid, based on bulk family values in the Py and ie was calculated 
for each cross. The ten lowest ratios representing approximately 
20% of the population within each cross were identified. The ten 
families having the lowest levels of linolenic acid within each 
cross were also identified. The discrepency between these two methods 


of selection was tabulated as a means of determining the ability of 


the 18:3/18:2 ratio to identify low linolenic families. 
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RESULTS 
Oleic Acid 


a) Intergeneration statistics 


KoEsthe eEoss Pye Pos the simple correlation values for F 
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versus Fy» Fy, versus F. and Fy versus Fy were highly significant 
(.76, .63 and .70 respectively) (Table 2).. They were not 
Significantly different from each other at the 5% level. The 
corresponding Spearman's rank values were highly significant and 
similar in magnitude (.70, .66 and .71). They were not 
significantly different from each other. The regression values 
were also highly significant (.58, .66 and .56) and were not 
significantly different from each other. 

The i eae intergeneration simple correlation coefficients 
for Po oe P, were highly significant (898, «7/4 and’. / 2). The 
intergeneration Spearman's rank correlation coefficients were 
highly significant (.83, .70 and .58) as were the regression 
coefficients (.76, .58 and .48). There were no significant 
differences among the simple eR eee coefficients. For Spearman's 
rank correlation and regression, the F. versus Fy, values were 
significantly higher than the Fy versus Fy values. The Fy versus 
F., values were intermediate in magnitude and were not significantly 


s 


different from the F versus Fy and Fy versus Fy values at the 


5% level. 
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For the cross P, x P35 the intergeneration correlations and 
regressions were non-significant. There were no significant 
differences among correlations or regressions. The three 
intergeneration simple correlation coefficients were .08, .32 and 
.14. The Spearman's rank correlation coefficients were .02, .31 
and .16 and the regression Pies ext 206.0. 25) anda. 00% 


Analysis of variance for cross P, x P. for oleic acid content 


it 2 


of Fy Single plant selections and their Fy and Fy progenies grown 
in three environments gave highly significant F values for 
environments and families (88.71 and 4.81 respectively) (Table 3). 
The heritability estimate for oleic acid content based on the 
analysis of variance was 31.8%. For P xe Pes the F values for 
environments and families were also highly significant (87.09 and 
6.21 respectively). The heritability estimate was 39.0%. 
Similarly, the F values for Po x P. were highly significant for 


environments and families (59.77 and 2.11 respectively). However, 


the heritability estimate was only 14.6%. 


b) Means, ranges and standard deviations of Fy, Fy and Fy 
populations. 
The cross with the highest mean oleic value in each generation 


was Pp = Ps with means of 64.2%, 70.4% and 61.24 in the Fy, Fy and 


Fy respectively (Table 4). All three generation means differed 


significantly from each other at the 5% level. Im cross PS x Ps, the 


mean of the F. (65.9%) was significantly higher than the Fy mean 
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(59-47) sand ‘the Fy mean (59.9%). The Fy and Fy means were not 
significantly different from each other. The means of Ps x Py were 


lower in magnitude than the means of the other two crosses. The F, 


mean (58.4%) was significantly higher than the F, mean (54.0%) and 


2 


the F) mean (53.8%). The F, and Fy means were not significantly 


different from each other. 


For Py x Po» the ranges of oleic acid content of the Fy single 


plants, Fy families and Fy families were: 50.9% - /3.7%, 59.8% - 


16.9% and 52.3% =.71.3% respectively. For Po 28 P35 the ranges of 


>? F. and Fy Weres Sono ea iLO, S364 — 16.24 and 1.17, - 


68.3%. The ranges of the three generations in P, x Py were: 


the F 


QIebeu= OU. dhe D0. L)= 0)..0,000d 45.050— 61.7%. 


The ctoss PS Be P. had the greatest variation for percent 


Oleic acid of all three crosses with standard deviations of 7.8, 

6.6 and 5.2 in the Fy, Fy and Fy respectively. Cross PL x Py had 
standard deviations of 6.5, 5.0 and 5.1 for the three generations 
while Py x Py had less variation with standard deviations of 4.6, 


S53) havel 3,3) Sle (lye 1 


2? F. and Fy, respectively. 
c) Means of selected Fy classes and their Fy and Fy progenies. 
For cross PL x Pos the low, intermediate and high Fy class 


means were significantly different from each other at the 5% level 
(56.2%, 63.7% and 71.7% respectively) (Table 5). The mean of Fy 


progeny of the Fy intermediate class (71.4%) was significantly 


* ih 
t 
7 
) 
Lae 
= 3 
= 2 
ne 
ro 


¢ ANA SA cai, pera <7) SRP ae PO Oe Sty td Ea Bae "Gy 


‘ =4 7 ‘ J “3 
Owiay i i bb Dp Voun a iy ee VT Rhy ipl ie) i 


. 
, 
i 
ral yy 
. 
ty 
i 
( t 
eT 
at il 
] 
i x 
“eo f 
; ao 
an, 
? 


yet’ et 


, Cas “3h 
= — 


Whe ‘ . 


7 es i Val int ‘a Lb Weucembes wa As 


d 
2PM 

TAb 4 A oe) 
7 


» 


- 


mews | 


or ah ee it takin: See 


aa ; yt Aiba iat eine ee to sien, 


Si Rica 


\ F 71 ia “Fie at . 5 


s i la Ue 


=F 
bi 
) * > 
; j 
bo ‘thie et 
j. 
AScwer 
re eon 
> ant 
* 
i, 4 ¥ 
ff syr't + / 
2 ‘ 
Le 


bs 


ae <a én ai Fei iy! 
hy ~ : + a f 


seal ay 


i 


Ale Pit va wind wy oy me i" a te 


Ta cn “9 ae juyeer ; £ Nre y ae ce | 


4 


/ 3 pet Te | ie A ayy ‘ T ea bir 1™ reg - a } 
z ; 4 p. af : i 
oe ib i in y ‘vabeitey Wisie aebeee 4° 


MA Gal) Cd wees <* paras ¢ it me Soe RS. 


: n 4 ; i] 
wv Slo i al oe, a . J a 7 7 
x lings ver Dee) ele Ae es HII 7h veg ONe 
i ; AG 
_ 7 S s: 
{ uf 


Table 5. Means of oleic acid content for selected low, intermediate 


and high Fy classes and their F. and F, progenies. 


Generation 


ee Low Bonar 64.8 a 58.0 a 
(n=8) (n=7) (n=8 ) 

Intermediate 637m b Wilkos Is 61.4ab 

(n=10) (n=10) (n=10) 

High TlestnG 73% 9ab eo ae 

(n=10) (n=8) (n=10) 

P, Xx P, Low Sik, &} 2 59eS8ia Sash Bl 
(n=10) (n=10) (n=10) 

Intermediate 57.8 b O64 15) 5/4 ea 
(n=9) (n=9) (n=9) 

High . 69.4 ¢c ers 65.2 b 
(n=9) (n=9) (n=9) 

P, x P, Low Hees, 5) Bl S835 3) Soo) 2) 
(n=9) (n=9) (n=9) 

Intermediate Ss eomb Ys} 4a) é) Sas El 
(n=8) (n=7) (n=8) 

High Oma aC 58.4 a 54.1 a 

(n=10) (n=10) (n=10) 


ee  —————— 


* class means within each generation within each cross followed 
by the same letter are not significantly different at the 52 
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higher than the mean of F, progeny of the F, low class (64.8%) 


Z 


but not significantly lower than the PF. progeny mean of the Fy 


high class (73.9%). The mean of F, progeny of the F 


i low and high 


2 


classes (58.0% and 63.7% respectively) were significantly different 


from each other. The Fy progeny mean of the EF, intermediate class 


(61.4%) was not significantly different from either the low or high 
class progeny means. 


For cross Pi D8 Ps» significant differences were observed 


among all F, class means (51.8%, 57.8% and 69.4%) and among the means 


2 
of corresponding Fy progenies (59.8%, 65.2% and 73.3%). However, 


there was no significant difference between the Fy, progeny mean of 


the Fy low class’ (57.32) ‘and, the Fy progeny mean of the Fy intermediate 


class (57.5%) which was significantly lower than the mean of the high 
class progeny (65.22). 
In@ye 12 


x significant differences were observed among the 


2 3° 


low, intermediate and high F, classes (48.5%, 53.8% and 58.9% 


2 
respectively). No significant differences existed among the 


corresponding Fy progenies (58.3%, 58.5% and 58.4%) or among the 


corresponding ay progenies: (53.87, 53-42 and 54-17). 


d) Average coefficients of variation for selected Fy families. 

On the basis of oleic acid content in Fy families, the three 
highest value Fy families, the three lowest value Fy families and 
three intermediate value F, families were identified. Coefficients 


of variation were calculated for each family based on ten Fy single 
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Table 6. 


Cross 
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Average coefficients of variation for oleic acid content 
for three families in each of the low, intermediate and 
high classes of the Fy generation. 


Low 
Die O 
(n=27) 


4.0% 
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Class 


Intermediate 
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plant values. These coefficients were averaged to produce an average 
coefficient of variation (A.C.V.) corresponding to each of the 

three sets of families. For cross PS Ds Pos thewAsGsV. values for 
the three low and three high families (5.6% Bd RGeaz respectively) 
were lower than the A.C.V. value for the three intermediate 
famtiitess€9. 97) e(Table 6). \dihe®A.G:.V. walues for the three low 
(4.0%) and three high (3.8%) families of Pp. x P, were also less than 
the A.C.V. value for the three intermediate families (10.2%). 
However, in Py xe P., the A.C.V. values for the three low and three 
high families (6.0% and 7.2% respectively) were slightly greater 
than the A.C.V. value for the three intermediate families (5.22). 
Thus, in two crosses, there was a greater A.C.V. value for the 
intermediate families than for the low and high families. For the 


third cross, the three sets of families showed practically no 


difference among the A.C.V. values. 


Linoleic Acid 


a) Intergeneration statistics 

For the cross PL x Pos the intergeneration simple correlation 
Oat Ce LCDES for Fy versus Fos Fy versus Fy and Fy versus Fy were 
highly significant (.86, .70 and .80 respectively) (Table 7). The 
corresponding Spearman's rank values were highly significant and 


of the same magnitude (.81. .68 and ./78) as the simple correlation 


values. Intergeneration regression values were also highly 
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significant (.65, .60 and .52). No significant differences were 
observed among the intergeneration simple correlation, Spearman's 
rank correlation or regression values at the 5% level. 

For the cross PS x Pos ai omethe intergeneration values 
were highly significant. The three intergeneration correlation 
coefficients were .92, .80 and .84 and the Spearman's rank correlation 
coefficients were .87, ./8 and .80. The intergeneration regression 
coefficients were lower in magnitude (.75, .62 and .54). There 
were no Significant differences among the simple correlation 
coefficients. There were no Peri eane differences among rank 
correlation coefficients. The PF. versus F, regression coefficient 
was significantly higher than the EF, versus i) regression coefficient. 
The F, versus F, value was not significantly different from the F. 


4 3 


versus Fy and PF, versus Fy values. 

Intergeneration values in the cross Py SK P. were variable in 
magnitude. The intergeneration simple correlation values were .36, 
.02 and .53. The Spearman's rank correlation values were .32, .03 
and .55 and the regression values were .24, .01 and .29. Only the Fy 
versus Fy intergeneration values were significant while the F. 
versus Fy and the Fy versus Fy values were non-significant. Simple 
correlation’ and Spearman's rank correlation for the Fy, versus Fy 
were significantly lower than the Fy versus Fy values. The Py versus 
F,. values were intermediate and not significantly different from the 


2 


Fy, versus F. and Fy, versus Fy values. There were no significant 


differences among regression values. 
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Analysis of variance for linoleic acid content in each cross 
was performed on the same set of Fy single plants and their F, and 


Fy, progenies as for oleic acid. For the cross PL ue Pos the F values 
for environments and families were highly significant (33.24 and 5.95 
respectively) (Table 8). The heritability estimate for linoleic 

acid content was 50.3%. Environments and families were also a highly 
Significant source of variation in PL x Py with F values of 34.20 

and 7.37 respectively. The heritability estimate was 56.1%. The 

F values for environments and families were highly significant but 


lower in magnitude for Py x Py (27.85 and 2.31 respectively). The 


heritability estimate was also lower in magnitude (22.1%). 


b) Means, ranges and standard deviations of Fo» FP. and Fy 
populations.., 


Cross PL xk P, had the lowest mean linoleic values in the 


F, and F, generations (17.9%, 15.5% and 19.1% respectively) 


Fy» 3 


(Table 9). All three generation means differed significantly from 
each other at the 5% level. For cross Py me Pr» the Fy mean (17.2%) 
was significantly lower than the F, mean (20.7%) and the Fy mean 

(20254 cue OL ne Fy and Fy, 


from each other. Cross P, mx P. had the highest mean linoleic values 


means were not significantly different 


in the Fy, Fy and Fy, generations (28.8%, 25.5% and 25.8% respectively). 


The F, mean was significantly higher than the F. and Fy means. The 


2 


F, and Fy 


at the 5% level. 


means were not significantly different from each other 
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For Pa ex Po» the ranges of linoleic acid content of F, single 


i 2D 


plants, Fy families and F, families were 12.1% - 26.8%, 10.9% - 


4 


eR Le ON Lt. See LOL Ps se Px5 the ranges of the Fy, Fy and 


Prpewere, 15,275 — 36.07, 9.97)— 28:97, and-14.077— 30.3%. The ranges 


by 
of the three generations in Py x P were 23s Oh (“UO OFGh, 2Ls3n = 


SUn9, and 19.97 9 27: 


Cross PS x P. had the greatest variation for percent linoleic 


acid content of the three crosses in each generation with standard 


deviations of 6.6, 5.4 and 4.2 in the F,, F, and F, respectively. 


) 4 


Cross P, x P, had standard deviations of 4.8, 3.6 and 3.1 in the 
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three generations. Cross Py O14 Ps had standard deviations of 3.6, 


Zo and o2 3s 


c) Means of, selected Fy classes and their F. and Fy progenies. 


For Pi 3K Pos 


means for linoleic acid content were significantly different from 


the selected low, intermediate and high F, class 


each other at the 5% level (13.1%, 18.1% and 24.6% respectively) 


(Table 10). The F, progeny means of F, classes (12.4%, 15.9% and 


D Z 


19.6%) were significantly different from each other as were the 
corresponding F, progeny means GiG.3%, 19377 and 22.072) - 


eres Wyby o Pas the selected low, intermediate and high F., class 


NE 


means were significantly different from each other (GS WARE A 8 les 4 


and 28.8% respectively). The corresponding F, progeny means were 


also significantly different from each other (12.5%, 16.0% and 25 200) 


In the Fy the progeny mean of the F, intermediate class (21.2%) was 
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Table 10. 


Means of linoleic acid content for selected low, 
intermediate and high F 
Fy progenies. 


2 


classes and their F 


3 


Generation 


and 


Cross Class 
eres Low (oalean 12.4 a 16.3 a 
(n=10) (n=10) (n=10) 
insecuediare ee 15¢9up Tongan 
(n=10) (n=10) (n=10) 
High ILIAT Tales LOC 222056 
(n=7) (n=7) (n=7) 
PS xX P. Low L3e9 Sa de SS) ral TO 2ea 
(n=10) (n=10) (n=10) 
Intermediate IAG, 33 1) 60M b Wile | 
(n=10) (n=10) (n=10) 
High 28.8 ¢ 23:6 ¢ 2S\-t3s 1s) 
(n=9) (n=9) (n=9) 
Py x P, Low De (9) ei PHL 15) 2) yA ae | 
(n=9) (n=8) (n=9) 
Intermediate PRS 5) 1d) Sis) #2 ZOD 
(n=9) (n=8) (n=9) 
High Bee Both 2) 21 eee 
(n=9) (n=9) (n=9) 
* élass means within each generation within each cross followed by 


the same letter are not significantly different at the 5% level 


(i. S20.) 
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significantly higher than the F, progeny mean of the Fy low class 
(16.2%) but was not significantly lower than the Fy progeny mean of 


the» PF high class (23.82). 


Z 
For Po x Pas the selected low, intermediate and high Fy 
class means were significantly different from each other (24.97%, 


28.5% and 33.1% respectively). However, no significant differences 


progeny means of the F, classes 


existed among the corresponding F 9 


3 
Cas 77025. 6% and 26.4%). «In the F,, the progeny mean of the F, 
intermediate class (26.4%) was significantly higher than the progeny 


mean of the Fy low class (24.0%) but was not significantly lower than 


the progeny mean of the F, higvhvelass (27-17). 


d) Average coefficients of variation for selected Fy families. 
Average coefficients of variation (A.C.V.) were calculated 
from ten Fy, single plant values for three sets of families including 
the three highest linoleic acid content Fy families, the three lowest 
linoleic Fy families and three intermediate linoleic content families. 
For each cross, the A.C.V. values for the three lowest and the three 
highest Fy, families were less than the A.C.V. value for the three 
intermediate families (Table 11). The A.C.V. values for the three 


classes were: 10.7%, 19.0% and 7.34 for Po % Pos Te is 20s and 
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Table 11. Average coefficients of variation for linoleic acid 
content for three families in each of the low, 
intermediate and high classes of the PF, generation. 


Intermediate 


P, x P, 10.7% | 19. 0% 7.3% 
(n=24) (n=24) (n=22) 
P, xP, ; 11.2% 20.24 7.1% 
(n=22) (n=19) (a=25) 
By ae 9.2% 18.6% 9.2% 


(n=19) (n=23) (n=29) 
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Linolenic Acid 


a) _Intergeneration statistics 

The intergeneration simple correlation, Spearman's rank 
correlation and regression values for linolenic acid content were 
considerably lower in magnitude than the corresponding set of 
values for oleic and linoleic acids. There were no significant 
differences among the values for each type of intergeneration 
statistic within each cross. 

forithe cross P x Pos the intergeneration simple correlation 
coefficients for Fy versus Fos Fy, versus F, and Fy versus Fy were 
-20, .39 and .29 respectively (Table 12). The corresponding 
Spearman's rank correlation coefficients were .21, .40 and .25. 
For both of these intergeneration statistics, only the Fy versus 
F values were significant. The regression values for P, x Py were 


.12, .68 and .30. None of these values was significant. 


Fores xP. the three intergeneration simple correlation 


i 3” 


values were .01, -.02 and .22. The corresponding Spearman's rank 
values were .04, .04 and .24. The three regression values were .Ol, 
-.02 and .21. None of these values was significant. 


For 2. as P.> the intergeneration simple correlation values 


2 


were -.21, .13 and -.29. The corresponding Spearman's rank values 


were -.23, .04 -.23. The three regression values were -.16, .22 and 


-.36. None of these values was significant. 
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The analysis of variance for linolenic acid content in the 
cross PL x Ps indicated that the F value for environments was highly 
Significant (39.37) (Table 13). The F value for families was 
significant at the 5% level (1.59). The heritability estimate for 
linolenic acid content was only 10.0%. For cross PS x Ps, the 
F value for environments was highly significant (44.22). The F 
value for families (1.40) was not significant. The heritability 
estimate was 6.7%. Environments (F = 25.78) were a highly 
significant source of variation in P, x P.. Families (F = 1.05) 


were not a significant source of variation. The heritability estimate 


was .202%. 


b) Means, ranges and standard deviations of Fy» F. and Fy 
populations.': 


For Pp, x P,, the F. mean (8.7%) was significantly lower 


thansthe PF. mean (b1.27).and the Fy mean (1.32) at the 52 level 


2 
(Table 14). The Fy and Fy means were not significantly different 
from each other. For Py a6 P35 the Fos F, and Fy, means were 
k275%, 9. 4Z8and: Ti 47 respectively. All three generation means 
differed significantly from each other. For Py x Ps, the Fy mean 


(9.3%) was significantly lower than the Fy mean (11.9%) and the 


F, mean (12.0%). The F, and Fy means were not significantly 


4 


different from each other at the 5% level. 
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For Pi PS Po» the ranges of the i) single plants, Py 
families and Fy families were (/.62 — 17.52, 5.8% = 11./Z* and 
6.4% - 14.4%. The ranges of the three generations in Py x Ps were 
Spee OR heey el eoos and Ooi 4 — 15.64. For Po x P., the 


ranges in the three generations were 9.0% - 15.6%, 6.6% - 12.3% 


and. 2h Lod hs 

Cross Py x Py had standard deviations of 2.3, 1.4 and 
2.4 in the three generations. Cross PL x P. had standard 
deviations of 2.2, 1.7 and 2.1 in the three generations. For P, 


x Px, the standard deviations in the three generations were 1.9, 


and. ies 


c) Means of selected Fy classes and their F, and F, progenies. 


For PL x Pos 


Fy class means for linolenic acid content were significantly 


the selected low, intermediate and high 


different’ from each other at the 5/4 level. (8.7/4, 11.47 and 13.77 
respectively) (Table 15). No significant differences existed 
among the Horeecnon ine means of F. progeny of Fy classes (8.22, 
9.1 4.and) 02.07) en P, x Po, the F, progeny mean of the Fy 
intermediate class (12.4%) was significantly higher than the 
means of F, progenies of the Fy low and high classes (10.2% and 
11.2% respectively). The Fy progeny means of the Fy low and 


high classes were not significantly different from each other. 
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table 15.) Meanssof Pinolenic acid content for selected low, 
intermediate and high F 
Fy, progenies. 


D classes and their PF. and 


Generation 


DE Gai ites Br ee Blane ieee @ 

(n=10) (n=8) (n=10) 

Intermediate le eb ONS Aah i9 
(n=9) (n=9) (n=9) 

High InSia Soir @ UIs Ps 
(n=9) (n=9) (n=9) 

PL Xx P. Low Omomea V0 2 Wha ab Fat 
(n=9) (n=9) (n=9) 

Intermediate 25 6m Suis A Mba al 2) 

(n=10) (n=10) (n=10) 

High 14.9 ¢ 9.9 a Mee 

(n=10) (n=10) (n=10) 

peda Low ) 9.9 a 10.0 a 13:0°a 
(n=9) (n=9) (n=9) 

Intermediate hibatss [5 8.8 a ele 2b 

(n=10) (n=9) (n=10) 

High Lao 25.c Sepe i id Pi I | 
(n=8) (n=7) (n=8) 


* class means within each generation within each cross followed by 
the same letter are not significantly different at the 5% level 


Cin SeD.). 


iM an ge Pi 


ie Waa veens 
| : 
4 4 


~ | eooe ~~ . : -_ ee ~ rye oe . : 
A -) a a g wy ‘ ish we : 7 
oa fi GPs ‘ 
nite nae) teuay ft Bg el tiee wainlo 7." 
by iars: Le bake ire = Wl ath mene pathe: way 
D 42teb ww f ” | "i J wl} a % seul 
= 
ti 
it 
nk 
a ; 4 
a - ; ii 


The selected low, intermediate and high Fy class means 
for Po x Pp, differed significantly from each other. (9.8%, 12.6% 
and 14.9% respectively). But, no significant differences were 
observed among the corresponding F, progeny eae (OO, Ow 
and 9.97%). Similarly, no significant differences were 
observed among the corresponding Fy progeny means (11.1%, 
Pi tand 82.04). | 

For Po x Pa, selected low, intermediate and high Fy class 
means were all significantly different from each other (9.9%, 
11.8% and 14.2% respectively). There were no significant 
differences among the corresponding PF. progeny means (10.02, 
8.8% and 9.2%). The mean of F, progeny of the Fy intermediate 
class (11.2%) was significantly lower than the mean of progeny 


of the F, low class (13.0%) but was not significantly lower than 


the mean of progeny of the F, high class lei) 


d) Average coefficients of variation for selected Fy, 
families. 

Average coefficients of variation (A.C.V.) were calculated 
for the three sets of families including the three highest 
linolenic pois content families, the three lowest linolenic 
families and three intermediate linolenic families. For each cross 


the A.C.V. values for the three low and the three high Fy, families 
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Table 16. Average coefficients of variation for linolenic acid 
content for three families in each of the low, 
intermediate and high classes of the Fy generation. 


Intermediate 


Beye 16.4% ashe 15.0% 
(n=17) (n=26) (n=22) 
Paes WeNGz 10.12% 10.9% 
(n=17) (n=24) (n=20) 
er 20. 0% 1a 15.6% 


(n=23) (n=19) (n=20) 
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were lower than the A.C.V. value for the three intermediate 
families (Table 16). The A.C.V. values for the three low, intermediate 


and high families were: 16.4%, 11.3% and“15.0Z. for PO x Po; 


13.6044) -LOwL Zand 1009%-EorP...x P 20 Oe pekdiel bAndLo..67-L0XL 


1 3? 


P, x P.: Thus, the A.C.V. values indicated greater variation for 
the three low and high families than for the three intermediate 


families. 


Correlation Coefficients 


Highly significant negative correlations were observed 
between oleic and linoleic acids in segregating generations (Table 17). 
The Fo correlation coefficients between oleic and linoleic acids 


a Pe ox Pos P_ x P, and P, x P (-.92, -.96 and -.92 respectively) 


i ib 3 2 


were very similar in magnitude to the corresponding FP. correlations 


3 


(-.96, -.84 and -.88). The corresponding F) correlations 
(-.82, -.89 and -.71) were similar in magnitude to those of the Fy 


and F, generations with the exception of the correlation for Py 28 P 3. 


3 
The correlation coefficients between oleic and linolenic 
acids were highly significant and negative in value. They were 
lower in magnitude than the correlations between oleic and linoleic. 
The three Fy correlation coefficients (-.63, -.58 and -./1) were 
similar in magnitude to the corresponding Fy correlations (-.6/7, 


-~.64 and -.71). The corresponding F, correlations (-.49, -.39 and 


-~.64) were lower in magnitude than those of the Fy and FP, generations. 
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Table 1/7.) Simple correlation coefficients for pairs of “fatty acids 


for parental, Bie Fos Py and Fy populations. 


Oleic and Oleic and Linoleic and 
Population Linoleic Linolenic Linolenic 
kik x 
Py -./7 -.60 30 
ax aK ax 
Fy (Ce er) -,92 -.63 43 
aK ax Rx 
Py (ex 2) =. 96 -.67 -46 
x ax 
eit a2.) -.82 -.49 gh ee 
4 sek kk 40 
R =-.83 =o] 
2 
F -./7 =. 60 30 
ih eae we *x 
Brel. a3) =. 96 -.58 - 40 
2 ‘ *&* . *&x* *K* 
Bee (leo) -.84 -.64 64 
3 ee x 
F, Cis sag5)) -.89- ——39 eee 
P Sys) = OL -.31 
3 
wx ak * 
P -.83 = Di, 40 
2. te le *k* *K* 
Fy (253) -.92 ot gt fal 52 
a ax x 
Ree (2) x) -.88 -./1 34 
3 ax KX x 
PO) =~ / 1 -.64 29. 
4 KK 
Ps =. 35 -.61 Sel 


** siegnificant at 1% level 
~eteniticant at S27 level 
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Correlations between linoleic and linolenic in segregating 
generations were all positive and were more variable in magnitude 
compared with the above correlations. The Fy correlations in 
Py x Pos PL aK P. and P. x P. (.43, .40 and .52 respectively) agreed 
reasonably well with the corresponding - correlations (.46, ,64 
and .34). However, the corresponding Fy, correlations... abl 


and .29) were considerably lower in magnitude. 


Linolenic - Linoleic Ratio 


The ability of the 18:3/18:2 ratio to identify low linolenic 
acid content families were variable. For F, families in cross 
PL x Pos six of the ten lowest 18:3/18:2 ratios corresponded to the 
low linolenic acid category (Table 18). For Po a8 Px. ony foun of 
the ten lowest ratios could be matched with the low linolenic 
category. However, for Py x Ps, nine of the ten lowest 18:3/13:2 
ratios fell into the low linolenic acid category. 

For Fy families, in cross Py x Pos five of the ten lowest 
18:3/18:2 ratios corresponded to Pendiies in the low linolenic 
acid category. For PL oe Px, only three of the ten lowest ratios 
corresponded to families in the low linolenic category. For Py 


xe IY six of the ten lowest ratios fell into the low linolenic 


Sie 


acid category. 
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Classification of ten lowest 18:3/18:2 families on the 
basus= ot tainolenice acid content. 


F. Generation Fy, Generation 
Low High Low High © 
Linolenic Linolenic Linolenic Linolenic 
6 4 3) 5 
4 6 s) 7 
9 ol 6 4 
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DISCUSSION 


The main purpose of this study has been to examine the 
degree of success expected in recovering a desirable C-18 fatty 
acid composition in early generations derived from crosses among 
low erucic lines of Brassica napus. Selection would be directed 
at increasing linoleic acid and reducing linolenic acid content. 
If the desirable combination can be recovered, then such a C-18 
fatty acid package could be transferred to a low glucosinolate, low 
erucic acid variety. 

In cross P rs Po» the average values of the three 
intergeneration simple correlation and Spearman's rank correlation 
coefficients for percent oleic acid were .70 and .69 respectively. 


The corresponding average values for P, x P. were ./8 and .70 and 


He 
for Py x Ps they were .18 and .16. The high intergeneration 
correlations for the first two crosses demonstrated that the oleic 
acid content of the Fy single plants was a good indicator of the 
F3 and Fy progeny values and PF values were a good indicator of 

Fy progeny values. Broad sense heritabilities estimated by 
regression coefficients and analysis of variance were lower in 
magnitude but indicated the same trend among crosses as the 
corresponding correlation coefficients. The average regression 
heritabilities for percent oleic acid in crosses PL x Pos PS x Py 
x P. were .60, .61 and .13 respectively. The corresponding 


2 8} 


heritability estimates from the analysis of variance (31.82%, 39.0% 


and P 


and 14.6%) were considerably lower in magnitude than those reported by 
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Thomas (1974) for the same three crosses (75%, 77% and 58%). Regression 
heritabilities in this study are similar in magnitude to heritability 
estimates for percent oleic acid in field grown flax (65%) but are 
higher in magnitude than heritability estimates for flax grown 
under a controlled environment (9.0%) (Comstock et al 1960). 

The average values of the three intergeneration simple 
correlation and Spearman's rank correlation coefficients for 
percent linoleic acid in cross Py x P. were ./9 and ./6 respectively. 
The corresponding average values for Ps x Px were .85 and .82, while 
for P, x P. they were .18 and .16. The high intergeneration 
correlations for the first two crosses demonstrated that the 
linoleic acid content of the Fy single plants was a good indicator 
of the P and Fy progeny values and F. values were a good indicator 
of Fy progeny values. These intergeneration values were higher 
than those Lae for soybeans where F. versus Fy simple 
correlations for percent cen onee in five crosses ranged from -.090 
to .495 (White et al 1961). The regression heritabilities and 
heritabilities based on the analysis of variance for linoleic acid 
were lower in magnitude but indicated the same trend among crosses 
as the corresponding correlation coefficients. The average regression 
heritabilities in crosses PL xX Pos PL x Py and Py = P3 were .59, .64 
and .18 respectively. The differences between the regression 
heritabilities and the heritabilities from the analysis of variance 
were not as great forsidnoleic as for oleic acids!) The: heritabilities 
from the analysis of variance in each cross were 50.3%, 56.1% and 


22.1%. Heritability estimates for linoleic acid in this study were 


re se 
’ 


Oe ies oi ee | SS Hive iat 
a - ¥ ; , 


TES 


args Bie 


Link sahye: i 
x toke r! 


bh ta 
wha ait 


. mes 
a ix 


= 


aon alae 5 ae 
wa ©3M : 


4 


% ¢, 


err eat ges 


ae 


' 
=. 


“« 
y : 
Ps | 


BM hs mani ees iL week Bh yes 2 nn 


7 wae es: We sou agoto ASte 16. ‘ewiltete Te 


ates 


f i ta 


a 
fas ‘ oie. ; oa 

oe hie Ce ee ae sr a ro 
hi gw Wine cca eo. 


>. i : i Mr 4 
eh eee. i? ieetine se 7 


i £ 7 | a) 


=) 


Ne 


“prise v4 " ee Ve meer ‘toyt' ade tee ae i ¥ .* ne: aL. agi 


? 


vali avs shksdiagun teh 


“ylee aboic we epi ed. wy era. we aGn orem 


4 > 
iy utwitaie wit? srs, 


iioe veh tiakobyen RL $5: 


s of bad sbhebiat . ve) aed 


: : 
<1 | 


ie 


‘ 
Tod) y 


lower in magnitude than those reported by Thomas (1974) for the 

Same three crosses (81%, 81% and 43%). The heritabilities in this 

study are higher than those for flax where percent linoleic acid 

was reported to be virtually non-heritable (Comstock et al 1960). 
The average values of the thtee intergeneration simple 

correlation and Spearman's rank correlation coefficients for percent 

linolenic acid in P, x P, were .29 and .29 respectively. The 


il 2 


corresponding average values for P, x P. were .07*and .11, while 


ror Py x P. they were -.12 and -.14.. These very low intergeneration 
values demonstrated that the linolenic acid content of the single 

Fy plants was a poor indicator of the P. and Fy progeny values and 
F. values were a poor indicator of Fy progeny values. These values 
were lower than those observed for soybeans where PF. versus Fy 
simple correlations for percent linolenic acid ranged from .055 

to .635 (White et al 1961). The average regression heritabilities 


for percent linolenic acid in’ P. x Pos We 56 1B fehoveh, Web. 13k P. were 


le ui ) Z 


.37, .07 and -.10 respectively. The heritabilities from the analysis 
of variance in the three crosses were 10.0%, 6.7% and 1.0%. 
Heritability estimates for linolenic acid in this study are lower 

in magnitude than those reported by Thomas (1974) for the same three 
crosses (54%, 41% and 30%). Heritabilities in this study are lower 
in magnitude than heritabilities for percent linolenic acid in 

field grown flax (72.9%) but are similar to heritabilities for lias: 


grown under a controlled environment (1.1%) (Comstock et al 1960). 
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The heritabilities for oleic and linoleic acids are higher 
than the heritabilities for linolenic acid. This supports the 
results obtained by Thomas (1974). For oleic and linoleic acids 
in this study, the two methods of estimating heritability 
produced higher values in Ps x P, and PS x P. than in Py > ed Ba 
These results are also similar to those reported by Thomas (1974) 
for the same three crosses. 

For oleic acid content in crosses PL x Py and PL % P., 


the low and high F, classes were significantly different. This 


2 
was also true of the F. and Fy, progeny means of these classes. In 


cross P, x P, significant differences were found only at the Fy 


3 
level. For linoleic acid content, the low and high Fy classes and 
their Fy and a progeny means were significantly different in all 
cases except for the F. progeny of P,, x P.. The low and high Fy 
classes, based on linolenic acid content, were significantly 
different. However, no significant differences were observed in the 
Fy and only the Fy, progeny of the low and high Fy classes of Py x P. 
were significantly different. These results would be expected on 
the basis of the intergeneration pot reda eter coefficients and 
heritability estimates. 

Comparison of Fy F. and Fy, generation means indicated 
higher levels of oleic and lower levels of linoleic and linolenic 
acids in greenhouse grown material than in field grown material for 


all three crosses. These results are in agreement with those of 


Bechyne and Kondra (1970). Similar trends were observed for oleic 
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and linolenic acids in flax (Comstock et al 1960). 

The average coefficients of variation (A.C.V.) indicate the 
degree of homogeneity in each of the three sets of Fy, families 
including the three highest, the three lowest and three intermediate 
families for each fatty acid in encnscross, Sobor Oleiceacid> athe 
A.C.V. values in the low and high sets of families were lower 
than the A.C.V. values for the intermediate sets of families in 
PS Oe Py and Py x Ps: The same trend existed for linoleic acid in 
all three crosses. The situation was reversed for linolenic acid 
in all three crosses where the A.C.V. values for the low and high 
sets of families were greater than the A.C.V. values for the 
intermediate sets of families. This implies that the original P, 
partition of single plants into the low, intermediate and high 
classes on the basis of oleic and linoleic acid content was 
successful in assigning a greater number of homozygous plants to 
the low and high classes. 

Correlation coefficients indicated that oleic was highly 
negatively correlated with linoleic (-.96 to -.71) and linolenic 
(-.71 to -.39), while linoleic and linolenic were positively 
correlated (.11 to .64). These are in general agreement with results 
reported by Thomas (1974) and Stefansson and Storgaard (1969). 
Thomas (1974) indicated that the relative ratios of oleic and linoleic 
acids are probably under the control of one genetic system. This 
would explain the consistently high negative correlations between 


oleic and linoleic acids. Thomas (1974) indicated that the ratio of 
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linoleic and linolenic is not controlled by the same genetic system. 


Hence, it is not unexpected that in the present study the Fy, 
correlations between linoleic and linolenic are considerably lower 
in magnitude than the corresponding F, and F. correlations. The 
non-significant positive Fy correlations between linoleic and 
linolenic suggest the probability of effective selection for high 
levels of linoleic acid independent of linolenic acid content. 

The 18:3/18:2 ratio is determined by a spectrophotometric 
technique which does not provide actual values of linolenic acid 
content. Therefore, the ability of the 18:3/18:2 ratio to identify 
families having low linolenic levels depends on a highly negative 
correlation between linoleic and eaten acids. The correlations 


between linoleic and linolenic acids varied from -.31 in P, Om OF 


e 


L 


considered a range of .22 to .35 for ratio values to be low in 


in the Fy Ole Prix P.. In their work, Rakow and McGregor (1973) 


linolenic acid. The cross having the largest number of desirable 
ratios was the F. of P, x Ps where nine of ten low ratio values 
corresponded with families having low linolenic levels. However, 


the 18:3/18:2 ratio was less successful in identifying low 


linolenic families in all other crosses in the F, and F, generations. 


The dereceivenese of the 18:3/18:2 ratio in identifying low 
linolenic acid types was not as great as expected. 

Parent 3 has a desirable high level of linoleic acid. 
Parent 1 has a fatty acid composition similar to existing low 


erucic, low glucosinolate germplasm. Since high levels of linoleic 


54 


eee Oo 
Pia bis ; 
fy ys 
‘ 4' 
ey Ni 
i ; Vil i Jhac an 
: ca 
aad ib , eat 
e sear ri 
ue 7 
On F ye Le te 
j F ‘>t 
2 O03 ae iv on 
bt Re RE 
/» thu, 
; =f 
rye) en 
Ec fs 
hee) Aide yea} 1.4210) ahh “iy ele 
een uy 0 nae RP) Ep 
i er ark + Pi 
PS BR MIE Sle Mga i al 
: iy os ‘ f / | 
EL non Cu die ao 
ha 4 wee ~ \ vst 
bike's TSE J wits : 
Ly ii 1 “s Mis hic iy ay 
Phe wh? see de. a ae 
1j6ee40eb as sa dguth Mbepihy wis : 
* hia | 14% 
WA ae Seas a ng ie ot} ay sat 
eae Pe hd aio eA “ 
= 3 ie 
ag | af : 
| vs Pella aiehs: Be Ae me ‘a nein’ ahs 
sae = 
Bi/Cey Wired Baas. eae an aliens tab ar aril ee tome zs - 
? ; . I ee ] ; 
MI " f 
Cae Siseu SS ae LT ie. ene 1 fy, ago wit ' 
7 < } Lebel ‘C58: 
2 
PP ell a t EN) sh Uirdg.- ato A aie’ ‘ng Wp’ aeons: Ct 
‘ites iF Ga sand Aen i otf Sh fs “Stamens _ 
ur, | rim lew i \elarae ay afer ee va Sani ft Pere 
aa Su r Ph Sh é Aa te : mee # @, 204 a rey 7459 ie wildy hee E " Ey 
Se eee ee a ee 
; bad é a ; | ; ' 
- 4 at an } 4 
bio aE == ee 


=p) 


acid were recovered in segregating generations, it is probable 
that the high linoleic character could be transferred to existing 
low erucic, low glucosinolate germplasm. 

The reduction of linolenic content appears to be more difficult 
due to lack of genetic variability and low heritability. Linolenic 
acid could be reduced by various methods. Rakow and McGregor 
(1973) utilized induced mutations in B. napus and made selections 
based on the 18:3/18:2 ratio. However, they found that low 
linolenic mutants reverted back to higher levels when grown in 
different environments. A problem with induced mutations in B. napus 
is the fact that it is an amphidiploid (B. campestris and B. oleracea) 
and the expression of a successful mutation in one genome could be 
buffered by the second genome. A second possibility would be to 
transfer seh levels of linolenic acid from wild or cultivated species 
of Brassica to re tre egy napus by means of interspecific 
crosses. However, most wild Brassica species have significant amounts 
of erucic acid. A third possibility would involve the application 
of mutation and selection in B. campestris and B. oleracea with the 
purpose of reducing the linolenic content in each species. The 
artificial amphidiploid form of B. napus could then be produced and 
would likely have seed low in linolenic acid. The artificial 
amphidiploid could then be used in any regular breeding program. 
However, this method would be extremely time consuming since Lt 
would require screening large populations and the probability of 


obtaining the desired mutation in both species would be low. 
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